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Abstract

Aims The aim of this study is to investigate the association between adherence to beta‐blocker treatment after a first acute
myocardial infarction (AMI) and long‐term risk of heart failure (HF) and death.
Methods and results All patients admitted for a first AMI included in the nationwide Swedish web‐system for enhance-
ment and development of evidence‐based care in heart disease evaluated according to recommended therapies register
between 2005 and 2010 were eligible (n = 71 638). After exclusion of patients who died in‐hospital, patients with previous
HF, patients with unknown left ventricular ejection fraction (EF), and patients who died during the first year after the index
event, 38 608 patients remained in the final analysis. Adherence to prescribed beta‐blockers was determined for 1 year after
the index event using the national registry for prescribed drugs and was measured as proportion of days covered, the ratio
between the numbers of days covered by the dispensed prescriptions and number of days in the period. As customary, a
threshold level for proportion of days covered ≥80% was used to classify patients as adherent or non‐adherent. At
discharge 90.6% (n = 36 869) of all patients were prescribed a beta‐blocker. Among 38 608 1 year survivors, 31.1%
(n = 12 013) were non‐adherent to beta‐blockers. Patients with reduced EF with and without HF were more likely to remain
adherent to beta‐blockers at 1‐year compared with patients with normal EF without HF (NEF). Being married/cohabiting and
having higher income level, hypertension, ST‐elevation MI, and percutaneous coronary intervention were associated with
better adherence. Adherence was independently associated with lower all‐cause mortality [hazard ratio (HR) 0.77, 95%
confidence interval [CI] 0.71–0.84] and a lower risk for the composite of HF readmission/death, (HR 0.83, 95% CI
0.78–0.89, P value <0.001) during the subsequent 4 years of follow up. These associations were favourable but less apparent
in patients with HFNEF and NEF.
Conclusions Nearly one in three AMI patients was non‐adherent to beta‐blockers within the first year. Adherence was inde-
pendently associated with improved long‐term outcomes; however, uncertainty remains for patients with HFNEF and NEF.
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Introduction

Beta‐blocker therapy after acute myocardial infarction (MI)
(AMI) has been shown to improve survival in clinical trials,
meta‐analyses, and observational studies.1–4 The early

randomized controlled trials with beta‐blockers showed
benefits in high‐risk patients, although patients with heart
failure (HF) were often excluded, and left ventricular ejection
fraction (EF) (LVEF) was not commonly available; therefore,
there is a definite knowledge gap regarding the use of
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beta‐blockers in HF post‐AMI.5–9 This gap was partially filled
later with observed major benefits in patients with chronic
HF and reduced LVEF.10–12 However, the use of
beta‐blockers early post‐AMI has remained a controversial
field with studies reporting conflicting findings and potentially
harmful effect of intravenous (i.v.) beta‐blockers in
ST‐elevation MI (STEMI) patients.13–15 Moreover, the role of
long‐term treatment especially in patients without reduced
LVEF and/or HF post‐AMI is uncertain because of a lack of
randomized clinical trials in the modern reperfusion era. A
large observational study did not find a lower risk of cardio-
vascular events in these patients.16

Non‐adherence to medications is common in patients with
cardiovascular diseases.17,18 Beyond the early discharge
period, adherence to prescribed cardio‐protective medica-
tions (e.g. statins and beta‐blockers) progressively decline
over time. Studies have shown that the persistent use of
beta‐blockers after discharge is low both in coronary heart
disease patients and in HF patients.19–21 Furthermore,
beta‐blocker doses used in routine clinical practice are often
substantially lower than doses used in the randomized trials
that established their efficacy.22,23 Quality measures of
evidence‐based medications post‐AMI have focused on the
prescription at hospital discharge. However, survival benefits
of these medications are heavily dependent on sustained
therapy, and there are present knowledge gaps with regard
to beta‐blocker adherence and the effect on outcome in
contemporary AMI populations.

We aimed to study adherence to long‐term beta‐blocker
treatment and its association with long‐term outcomes in
1 year survivors of AMI with vs. without reduced LVEF or

clinical HF during hospitalization, using a cohort of consecu-
tive first time AMI patients admitted to coronary care units
in Sweden between 2005 and 2010.

Methods

Study population

All patients that were admitted for a first diagnosis of AMI
between October 2005 and December 2010 and included in
the nationwide Swedish web‐system for enhancement and
development of evidence‐based care in heart disease evalu-
ated according to recommended therapies (SWEDEHEART)
registry were eligible. The SWEDEHEART database comprises
all Swedish emergency hospitals (n = 72) and enrols all
consecutive patients admitted to a coronary care unit or
other specialized facility.24 Patients with a previously diag-
nosed AMI, with a prior history of HF, identified with the
SWEDEHEART registry and the National Inpatient Register
from International Classification of Diseases (ICD) codes for
HF, were excluded from the study (Figure 1). Patients who
died during hospitalization and patients with missing data
on LVEF were also excluded from the study. In the final anal-
ysis of adherence, patients who died during the first year
after the index event were excluded. The national registry
for prescribed drugs was used to gather data on previously
dispensed prescriptions of secondary prevention medica-
tions. The study complies with the Declaration of Helsinki

Figure 1 Study flow‐chart: patients with their first acute myocardial infarction (AMI) and with no prior history of heart failure who were discharged
alive with known left ventricular ejection fraction at discharge were included in the analysis for dispensed prescriptions. In the analysis for adherence,
patients who died during the first year were thus excluded. [Correction added on 11 December 2020 after first online publication: Figure 1 was pre-
viously incorrect, and has been corrected in this version.]
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and was approved by the regional Human Research Ethics
committee in Stockholm, Sweden.

Data sources

Data on baseline characteristics, medication at admission,
hospital course variables, and drug prescription at discharge
were obtained from the SWEDEHEART register. Information
from other relevant registries was obtained using the unique
personal identity number assigned to each Swedish resident.
Data on previous history of diabetes mellitus, hypertension,
MI, or stroke were also obtained from the National Inpatient
Register, and death dates from the National Population
Registry. Data on socio‐economic background was obtained
from Statistics Sweden. Data on hospitalization for HF after
discharge from the index AMI admission (up to 31 March
2013) were obtained from the National Inpatient Register
and defined as a new hospitalization for HF. The discharge
codes applied were I50.0‐I50.9 (ICD‐10). A hospital diagnosis
of HF in Sweden has been validated against European Society
of Cardiology criteria for the definition of HF25 with a validity
of 95% for a principal diagnosis of HF and 82% irrespective of
position. Data on drug dispensations were collected from the
Swedish Prescribed Drug Register that includes all dispensed
prescribed drugs in Sweden since July 2005. Data from the
above‐mentioned registers were merged into a single
database using the Swedish unique personal identification
number.

Assessment of heart failure status during
hospitalization for an index acute myocardia
infarction

In‐hospital HF was defined as the presence of pulmonary
rales or use of i.v. diuretics or i.v. inotropic drugs during
admission.26,27 Patients were categorized into four groups
on the basis of echocardiographic LVEF data during hospitali-
zation: those with signs of HF and normal EF (NEF) (≥50%)
(HFNEF), those with signs of HF and reduced EF (REF)
(<50%) (HFREF), those with NEF ≥50% without signs of HF,
and those with REF <50% without signs of HF.28

Assessment of outcomes

Late onset HF (LOHF) was defined if the patient was
rehospitalized and diagnosed to have HF as primary or sec-
ondary diagnosis. Data on hospitalization for HF after dis-
charge from the index AMI admission (up to 31 December
2013) were obtained from the national patient register and
defined as a new hospitalization for HF (ICD‐10). The compos-
ite event of LOHF or death was defined as readmission

because of HF as primary or secondary diagnosis or death
after discharge from the index AMI.

Assessment of prescription and adherence

Patients were considered prescribed beta‐blockers if they
were on any beta‐blocker drug during discharge from the in-
dex AMI admission. The information is obtained directly from
the SWEDEHEART case report form. Adherence was deter-
mined as proportion of days covered (PDC), as the ratio
between the numbers of days covered by the dispensed
prescriptions divided by the total number of days in the
period. As customary, a threshold level for proportion of days
covered ≥80% was used to classify patients as adherent or
non‐adherent.29 All AMI patients who survived the first year
after the index admission were included in the adherence
analysis.

Statistical analysis

Patient characteristics were described using means and stan-
dard deviations for continuous variables and proportions for
categorical variables. Logistic regression was used to calculate
odds ratios (ORs) for comparisons between HF groups regard-
ing non‐prescription and non‐adherence using NEF as refer-
ence group. We report crude and multivariable ORs with
95% confidence intervals (CIs). Multivariable adjustment
was made using three models; in Model 1, OR was adjusted
for factors that should affect prescription/compliance to
beta‐blockers [atrioventricular‐block II/III, previous peripheral
artery disease (PAD), chronic obstructive pulmonary disease,
cardiogenic shock during hospitalization, systolic blood
pressure <90 mmHg, heart rate <60 bpm]. In Model 2, we
additionally adjusted for factors that, besides HF types, could
affect prescription/compliance [age, hypertension, diabetes,
chronic kidney disease (CKD) defined as estimated glomerular
filtration rate <60 mL/min, PAD, prior stroke, prior cancer
within 3 years, newly diagnosed atrial fibrillation at discharge,
percutaneous coronary intervention (PCI) during hospitaliza-
tion, and coronary arterial bypass graft surgery (CABG)].
In Model 3, we added adjustments for gender and
socio‐economic factors (country of birth, civil status, educa-
tional level, and income). Logistic regression analysis was also
used to identify independent predictors of good adherence
1 year after discharge from the index AMI.

The cumulative risk of HF readmission or death 1 year after
discharge from the index admission based on adherence
status to beta‐blocker treatment was determined from
Kaplan–Meier time to event estimate tables. The long‐term
risk of all‐cause mortality and the composite of LOHF or
death 1 year after discharge in relation to status of adherence
to beta‐blocker treatment and LVEF/HF category were
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determined using Cox proportional hazard regression analysis
showing hazard ratios (HRs) and 95% CIs.

SPSS (IBM, Version 21) was used for all data management
and statistical analyses.

Results

Patient characteristics

A total of 71 638 patients were admitted for their first AMI
between October 2005 and December 2010. After exclusion
of patients who died during hospitalization, patients with pre-
vious HF, and patients with unknown LVEF, 40 697 patients
remained for the final analysis (Table 1). The proportion of
patients in relation to in‐hospital HF by signs of HF and nor-
mal or reduced LVEF were NEF in 55.1% (n = 22 405), REF
in 25.7% (n = 10 481), HFNEF in 7.6% (n = 3082), and HFREF
in 11.6% (n = 4729), respectively. Baseline characteristics
are presented in Table 1. Patients with HFNEF and HFREF
were considerably older compared with patients with NEF
and REF. The proportion of women was highest in patients
with HFNEF. Comorbidities such as diabetes, hypertension,
and CKD were more prevalent in patients with HFNEF and
HFREF compared with those in patients with REF and NEF.
At time of admission, 25.6% patients were already on beta‐
blockers.

Prescription

Prescriptions of secondary prevention drugs at discharge are
presented in Table 1 and show high rates in all groups.
Beta‐blockers were prescribed to 90.6% (n = 36 869) of all
patients.

The distribution of prescription and corresponding ORs for
prescription by type of HF are shown in Table 2. Compared
with patients with NEF, patients with REF and HFREF were
more likely to receive beta‐blockers at discharge, while pa-
tients with HFNEF received beta‐blockers to a similar extent
at discharge. These findings were consistent even after ad-
justment for factors that should affect prescription (possible
contraindications) of the drugs (Model 1).

Adherence

Out of all AMI patients alive at 1 year after discharge from the
index admission, 68.9% (n = 26 595) reached the adherence
level of 80% with beta‐blocker treatment. Compared with pa-
tients with NEF, patients with REF were more likely to reach
an adherence level above 80% in the crude analysis and after
adjustment in all models, whereas patients with HFNEF
reached the threshold for adherence to a similar extent as

patients with NEF. Patients with HFREF were more likely to
reach the adherence threshold after adjustment for factors
that could affect prescription (Model 2) and socio‐economic
factors (Model 3) while remaining to a similar extent as pa-
tients with NEF after adjustment for possible contraindica-
tions to beta‐blocker treatment (Model 1) (Table 3).

Predictors of adherence

Using multivariable analysis, we found higher odds of
non‐adherence in patients with increasing age, low income
level, non‐married/non‐cohabiting, chronic obstructive pul-
monary disease, prior stroke, prior cancer, bleeding, demen-
tia, PAD, and being on dialysis treatment as well as
traditional relative contraindications such as heart rate
<60/min and high‐grade atrioventricular‐block during hospi-
talization. Being married or cohabiting and having higher in-
come level, hypertension, PCI during the index
hospitalization, and STEMI were associated with better odds
of adherence to beta‐blocker treatment (Table 4).

Association between prescription of
beta‐blockers at discharge and long‐term
outcome

The 2 and 4 years cumulative risk for the composite of LOHF
or death were 12.2% and 20.5% for patients prescribed
beta‐blocker treatment. The respective 2 and 4 years risks
for patients who were not prescribed beta‐blocker treatment
were 16.7% and 24.3%. For HFREF patients the respective 2
and 4 years risks were 40.3% and 51.3% for patients with pre-
scription and 49.4% and 62.1% for patients without prescrip-
tion. HFREF patients did have the highest cumulative risks in
both groups followed by patients with HFNEF, REF, and
NEF, respectively (supporting information, Table S1).

Prescription of beta‐blocker treatment at discharge was as-
sociated with a reduction of all‐cause mortality in the crude
analysis in all AMI patients as well as both HF groups. After
adjustment, a significantly lower risk of all‐cause mortality
was observed in patients with REF and HFREF, but this asso-
ciation was not seen in patients with NEF and HFNEF. Pre-
scription was associated with a lower crude risk of the
composite of LOHF/death in all patients except for patients
with NEF, which did not reach statistical significance after ad-
justment (Table S2).

Adherence to beta‐blocker drugs vs. long‐term
outcomes

The 2 and 4 year cumulative risks for the composite of LOHF
or death were 5.4% and 13.3% for adherent patients. The
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respective risks for non‐adherent patients were 7.8% and
18.7%. HFREF patients did have the highest cumulative risks
in both groups followed by patients with HFNEF, REF, and
NEF, respectively (Table S3), (Figures 2 and 3A–D).

Adherence to beta‐blocker treatment was associated with
lower all‐cause mortality in both the crude and adjusted anal-
ysis in all patients. In the adjusted subgroup analysis, adher-
ence to treatment was associated with lower all‐cause
mortality and the composite endpoint of LOHF/death in all
groups except that statistical significance was not reached
for patients with NEF without HF and HFNEF although numer-
ical trends towards favourable associations were observed in
both groups. Patients with HFREF and REF seem to benefit
most from the treatment (Table 5). Interaction tests showed
significant P values (<0.05) for all cause‐mortality and
non‐significant P values (>0.05) for the composite endpoint
indicating that the association between adherence to
beta‐blocker treatment and all‐cause mortality does differ
between the LVEF subgroups (normal LVEF vs. reduced LVEF
irrespective of status of HF).

Multivariable analysis of predictors for late onset
heart failure or death

Adherence to beta‐blockers was associated with a lower risk
of HF readmission or death (HR 0.83; 95% CI 0.78–0.9) after
adjustment. Increased age, CKD, diabetes mellitus, and prior
stroke increased the risk whereas female gender, PCI (HR
0.67; 0.61–0.72), CABG (HR 0.56; 0.45–0.70), and statin treat-
ment at discharge (HR 0.70; 0.65–0.75) were associated with
a lower risk of LOHF/death. Higher income level (HR 0.89;
0.86–0.96), being married/cohabiting (HR 0.80; 0.75–0.85)
and higher educational level (HR 0.94; 0.90–0.99) was associ-
ated with a lower risk, whereas country of birth (European vs.
non‐European) (HR 0.91; 0.70–1.18) showed no associations
with risk for LOHF/death (Table S4).

Discussion

The proportion of patients being prescribed secondary pre-
ventive medications including beta‐blockers after AMI is high
in Sweden. Patients with REF and HFREF were more likely to
receive beta‐blockers at discharge. These patients were
also more likely to adhere to treatment. Adherence to
beta‐blocker treatment was independently associated with
a marked reduction of all‐cause mortality and the combined
endpoint of HF readmission and death in AMI patients, irre-
spective of HF but may be confined to patients with reduced
EF. Socio‐economic factors such as being married/cohabiting
and higher income level and clinical factors such asTa
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hypertension, ST‐elevation MI, and percutaneous coronary
intervention were associated with better adherence.

Our findings of high prescription frequencies of
evidence‐based medications in AMI patients at discharge
are consistent with the findings of other studies.30–32 This
can be largely attributed to the cumulative effect of
evidence‐based guidelines and various national quality im-
provement initiatives. Medications do have a pivotal role
as secondary prevention measures after AMI. Poor adher-
ence is considered a critical barrier to treatment success
and remains one of the leading challenges to healthcare
professionals.33 Quality measures of evidence‐based medi-
cations post‐MI have focused on the prescription at hospi-
tal discharge. However, the survival benefits of these
medications are best realized with persistent therapy, rein-
forced by the findings of the present study.34 Previous
studies have shown that long‐term survival advantages as-
sociated with improved drug adherence after AMI appear
to be class specific, suggesting that adherence outcome
benefits are mediated by drug effects and do not merely

reflect an epiphenomenon of ‘healthy adherer’ behavioural
attributes.35 Non‐adherence is also related to the increased
risk of hospitalization and cost.36

In clinical practice, some patients might need to discon-
tinue beta‐blocker treatment for various medical reasons
such as bradycardia or orthostatic hypotension. However, it
is highly likely that a sizeable proportion of patients will dis-
continue the treatment without sufficient reason.

Our study shows that a considerable number of patients
discontinue beta‐blocker treatment at 1 year compared with
a recent study by Puymirat et al., which reported 89% adher-
ence rate at 1 year.37 One reason for the seemingly large dif-
ference could be that in the study by Puymirat et al,
adherence was assessed by patient report, and not by re-
peated collection of prescribed drugs as in our study. A few
studies have shown that inpatient pharmaceutical counselling
linked to a medication and information discharge summary
contributed to better drug knowledge and compliance to-
gether with reduced unplanned visits to the doctor and re‐
admissions.38,39

Table 2 Odds of prescription of beta‐blocker at time of discharge according to HF classification

All patients
(N = 40 697)

NEF
(N = 22 405)

REF
(N = 10 481)

HFNEF
(N = 3082)

HFREF
(N = 4729) P value

Beta‐blocker 36 869 (90.7%) 20 142 (90.0%) 9710 (92.8%) 2715 (88.4%) 4302 (91.1%) <0.001
Crude OR (n = 40 697) 1.00 (ref) 1.42 (1.31–1.55) 0.85 (0.75–0.95) 1.14 (1.03–1.28)
Model 1 OR (n = 38 325)a 1.00 (ref) 1.41 (1.29–1.55) 0.92 (0.81–1.05) 1.19 (1.06–1.34)
Model 2 OR (n = 36 928)b 1.00 (ref) 1.41 (1.29–1.55) 1.04 (0.91–1.19) 1.34 (1.18–1.52)
Model 3 OR (n = 35 329)c 1.00 (ref) 1.41 (1.28–1.56) 1.06 (0.92–1.22) 1.40 (1.22–1.60)

HF, heart failure; HFNEF, HF and normal ejection fraction; HFREF, HF and reduced ejection fraction; NEF, normal ejection fraction; OR, odds
ratio; REF, reduced ejection fraction.
In Model 1, OR was adjusted for factors that should affect prescription of beta‐blockers: (atrioventricular‐block II/III, previous peripheral
artery disease, and chronic obstructive pulmonary disease, cardiogenic shock during hospitalization, systolic blood pressure <90 mmHg,
and heart rate <60 bpm). In Model 2, in addition, we adjusted for factors that, besides HF classification, could affect prescription/com-
pliance [age, hypertension, diabetes, estimated glomerular filtration rate <60 mL/min, type of myocardial infarction (MI) (STEMI/NSTEMI),
peripheral arterial disease, previous stroke, prior cancer within 3 years, atrial fibrillation at discharge, during hospitalization performed
percutaneous coronary intervention, and coronary arterial bypass graft surgery]. In Model 3, we also adjusted for gender and
socio‐economic factors (country of birth, civil status, educational level, and income).
aModel 1—Adjusted for absolute and relative contraindications that should influence prescription.
bModel 2—In addition to Model 1 adjusted for factors and comorbidities that could affect prescription or compliance.
cModel 3—In addition to Models 1 and 2 adjusted for gender and socio‐economic factors.

Table 3 Odds of adherence to beta‐blocker measured as proportion of days covered ≥80% for all patients that survived at least 1 year

All patients (N = 38 608) NEF (N = 21 780) REF (N = 9929) HFNEF (N = 2797) HFREF (N = 4102) P value

Adherent 26 595 (68.9%) 14 788 (67.9%) 7175 (72.3%) 1822 (65.1%) 2810 (68.5%) <0.001
Crude OR (N = 43 473) 1.00 (ref) 1.23 (1.17–1.30) 0.88 (0.81–0.96) 1.03 (0.96–1.11) <0.001
Model 1 (N = 36 493)a 1.00 (ref) 1.21 (1.15–1.28) 0.90 (0.82–0.98) 1.02 (0.95–1.10)
Model 2 (N = 35 268)b 1.00 (ref) 1.22 (1.16–1.30) 1.01 (0.92–1.11) 1.14 (1.05–1.24)
Model 3 (N = 34 706)c 1.00 (ref) 1.24 (1.17–1.31) 1.05 (0.95–1.15) 1.16 (1.07–1.27)

HFNEF, heart failure and normal ejection fraction; HFREF, heart failure and reduced ejection fraction; NEF, normal ejection fraction; OR,
odds ratio; REF, reduced ejection fraction.
aModel 1—Adjusted for absolute and relative contraindications that should influence prescription.
bModel 2—In addition to Model 1 adjusted for factors and comorbidities that could affect prescription or compliance.
cModel 3—In addition to Models 1 and 2 adjusted for gender and socio‐economic factors.
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Figure 2 The long‐term risk of late onset heart failure (LOHF)/death by status of adherence to beta‐blocker treatment, log‐rank P < 0.001. AMI, acute
myocardial infarction.

Table 4 Predictors of adherence (proportion of covered days ≥80%) in 1 year survivors (logistic regression)

Demographics OR (95% CI) P value

Age (years) 0.99 (0.99–0.99) <0.001
Men 1.02 (0.97–1.08) 0.423
Civil status (married/cohabiting) 1.30 (1.24–1.36) <0.001
Income (quartile)

1 (lowest) 1.00 (ref)
2 1.07 (1.00–1.14) 0.071
3 1.17 (1.09–1.25) <0.001
4 (highest) 1.08 (1.00–1.16) 0.041

Comorbidities at admission, n (%)
Hypertension 1.18 (1.12–1.24) <0.001
Estimated glomerular filtrate rate <60 mL/min 0.94 (0.88–1.00) 0.039
Peripheral vascular disease 0.84 (0.73–0.96) 0.013
Any stroke 0.77 (0.70–0.83) <0.001
COPD 0.79 (0.72–0.86) <0.001
Dementia 0.30 (0.19–0.50) <0.001
Cancer diagnosis within 3 years 0.79 (0.66–0.95) 0.01
Dialysis (at any time) 0.57 (0.37–0.86) 0.008
Hospital course, n (%)
STEMI 1.10 (1.05–1.16) <0.001
PCI during hospitalization 1.34 (1.27–1.41) <0.001
Previous bleeding or bleeding during hospitalization 0.86 (0.77–0.95) 0.003
Atrial fibrillation at discharge 0.93 (0.83–1.05) 0.237
Heart failure classification

NEF without HF 1.00 (ref)
REF without HF 1.23 (1.17–1.31) <0.001
HFNEF 1.03 (0.94–1.13) 0.524
HFREF 1.16 (1.07–1.25) <0.001

AV blockage II/III 0.53 (0.44–0.63) <0.001
Systolic blood pressure <90 mmHg at admission 0.89 (0.73–1.09) 0.254
Heart rate <60 at admission 0.68 (0.64–0.73) <0.001

AV, atrioventricular; CI, confidence interval; COPD, chronic obstructive pulmonary disease; HF, heart failure; HFNEF, HF and normal ejec-
tion fraction; HFREF, HF and reduced ejection fraction; NEF, normal ejection fraction; OR, odds ratio; PCI, percutaneous coronary interven-
tion; REF, reduced ejection fraction; STEMI
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Figure 3 (A–D) The long‐term risk of late onset heart failure (HF) (LOHF)/death for the four left ventricular ejection fraction/HF categories by status of
adherence to beta‐blocker treatment 1 year after discharge from the index admission for acute myocardial infarction (AMI). Panel A for patients with
normal ejection fraction (NEF) without in‐hospital HF, Panel B for patients with reduced ejection fraction (REF) without in‐hospital HF, Panel C for pa-
tients with HF and NEF (HFNEF), and Panel D for patients with HF and REF (HFREF) (log‐rank P < 0.001).

Table 5 Adherence to beta‐blockers (proportion of days covered ≥80% during first year in 1 year survivors) and long‐term outcome (all‐
cause mortality and the composite of LOHF/all‐cause mortality) over 4 years after index event (Cox regression)

All patients (N = 38 608) NEF (N = 21 780) REF (N = 9929) HFNEF (N = 2797) HFREF (N = 4102)

Death
Crude 0.51 (0.47–0.55) 0.58 (0.50–0.66) 0.45 (0.39–0.52) 0.59 (0.48–0.73) 0.46 (0.40–0.54)
Adjusted 0.77 (0.71–0.84) 0.84 (0.73–0.97) 0.70 (0.60–0.82) 0.93 (0.74–1.18) 0.70 (0.59–0.82)
Combined
Crude 0.59 (0.56–0.63) 0.62 (0.55–0.69) 0.55 (0.49–0.62) 0.63 (0.53–0.76) 0.58 (0.51–0.65)
Adjusted 0.83 (0.78–0.89) 0.89 (0.78–1.01) 0.75 (0.66–0.86) 0.91 (0.74–1.11) 0.78 (0.68–0.89)

CABG, coronary arterial bypass graft surgery; HFNEF, heart failure and normal ejection fraction; HFREF, heart failure and reduced ejection
fraction; LOHF, late onset heart failure; NEF, normal ejection fraction; REF, reduced ejection fraction.
Combined = LOHF or death.
Variables in the model: age, sex, diabetes, hypertension, chronic kidney disease, prior stroke and drugs (Acetylsalicylic acid, angiotensin‐
converting enzyme/angiotensin receptor blocker, statins, and beta‐blocker on admission), performed percutaneous coronary intervention
or CABG during hospitalization, other antiplatelet/anticoagulant at discharge, and adherence to other drugs during first year
(Acetylsalicylic acid, angiotensin‐converting enzyme/angiotensin receptor blocker, and statins).
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A higher 2 and 4 years cumulative risk of LOHF or death
was seen among patients who were non‐adherent to the
treatment. As expected, patients with HFREF did have the
highest cumulative risks of LOHF/death followed by patients
with HFNEF, REF, and NEF, respectively. Adherence to
beta‐blocker treatment was also associated with a reduction
in all‐cause mortality and the composite endpoint of LOHF/
death both in the adjusted and crude analyses. In the ad-
justed subgroup analysis, the effect of adherence on the com-
posite of LOHF/death was uncertain in patients with NEF
without HF and HFNEF as statistical significance was not
reached although a trend towards favourable effect was
seen. This is consistent with the finding of previous studies.34

Contrary to the findings of other studies37 and the
questioned place of beta‐blocker treatment long after AMI
in the modern reperfusion era,16,40 we observed a favourable
association with outcome even in patients with NEF without
HF as shown by survival curves that continue separating until
the end of the follow‐up period. The finding that the associa-
tion between adherence to beta‐blocker and long‐term out-
come in patients with HFNEF was less obvious is also
interesting and in line with the fact that patients with HFNEF
lack effective evidence‐based treatment to date.

Limitations

Our study has limitations. As for all observational studies, we
are unable to explore the influence of unmeasured con-
founders. Meanwhile, although drawing definitive conclusions
is difficult, the observed associations reinforce the findings of
randomized and observational studies regarding the effective-
ness of beta‐blockers after AMI on long‐term outcomes as well
as good tolerability. In the present analysis, we have not
accounted for brand or dosage. This will remain an inherent
limitation. It is known that dosage of beta‐blockers used con-
stitute an important aspect of beta‐blocker treatment, as
under‐dosage of beta‐blockers is a common problem.23,41

Because we use pharmacy data of collected prescriptions,
we cannot absolutely be certain whether a patient took the
medication or not. However, as a drug prescription in
Sweden only covers 3 months at a time, if patients do not re-
fill, we can assume that these patients have discontinued
treatment. In addition, our study does not reveal the reasons
for non‐prescription or discontinuation of the drug, but as in
previous studies,42 we can assume that it might because of
fear of or actually experienced side effects.

Conclusions

Prescription of beta‐blockers was high at discharge from AMI,
but nearly one in three patients was non‐adherent to

beta‐blockers within the first year. Adherence to
beta‐blocker treatment was higher in patients with REF with
or without in‐hospital HF. Adherence was independently as-
sociated with improved long‐term outcomes, in particular in
patients with reduced EF with or without HF. Uncertainties
regarding patients with HFNEF and NEF warrants further con-
trolled studies. Socio‐economic and clinical factors widely in-
fluenced adherence to beta‐blocker treatment. Based on our
findings, approaches that improve adherence to secondary
prevention drugs are warranted to improve long‐term out-
comes after AMI.
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